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Introduction
 22q11.2 deletion syndrome ?22q11DS?, also 
known as velo-cardio-facial syndrome ?VCFS?, is 
a genetic disorder associated with a microdeletion 
in  chromosome 22q11.2 ?Scambler  et  a l . , 
1992?. While the physical phenotype is variable, 
commonly reported features include characteristic 
dysmorphology, congenital heart disease and cleft 
palate ?Gothelf et al., 1999; Shprintzen et al., 
1978?. A characteristic behavioural phenotype in 
22q11DS has been described with high rates of 
psychosis ?Murphy et al., 1999; Murphy, 2002; 
Murphy and Owen, 2001; Papolos et al., 1996; 
Pulver et al., 1994; Shprintzen et al., 1978?, and 
attention deficit ?hyperactivity? disorder ?ADD, 
ADHD? ?Gothelf et al., 2004?, as well as high 
rates of autistic spectrum disorders ?Fine et al., 
2005?, anxiety disorders and emotional instability 
?Goldberg et al., 1993; Niklasson et al., 2001; 
Swillen et al., 1997?. In addition, children and 
adults with 22q11DS typically have mild learning 
disabilities and a specific cognitive profile, with 
particular deficits in visual-perceptual function and 
social and abstract reasoning ?Henry et al., 2002; 
Moss et al., 1999; Swillen et al., 1997; Swillen et 
al., 2000; van Amelsvoort et al., 2004b?. It has 
been suggested that these deficits may underlie 
the social impairments of 22q11DS ?Swillen et al., 
1997?.
 It is well established that children with 
22q11DS have problems with social interaction, and 
perhaps especially with peer relations rather than 
with adult figures ?Swillen et al., 1999a; Swillen et 
al., 1999b?. It has also been reported that people 
with 22q11DS typically show a bland affect with 
minimal facial expression, in addition to disinhibited 
and impulsive, or serious and shy extremes of 
behaviour ?Golding-Kushner et al., 1985; Swillen et 
al., 1997?. Furthermore, a recent study, employing 
strict diagnostic criteria, indicated that up to 14% 
of children with 22q11DS have an autistic spectrum 
disorder ?ASD, comprising autism and Asperger 
syndrome? Fine et al., 2005?. Hence, impairment 
in social function appears to be a central feature of 
22q11DS, although the underlying cognitive and/or 
neural substrate for this is undetermined. 
 With their multiple congenital abnormalities, 
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it is unclear whether the social problems are 
secondary symptoms for factors such as lower 
intelligence, facial dysmorphology, or medical 
discomforts, or whether they are independent 
behavioural phenotype. A recent study comparing 
69 children with 22q11DS and 69 IQ-matched 
children with craniofacial anomalies ?CFA, 
neurodevelopmental disorder, also characterized 
by lower intelligence and medical discomfort? 
reported significantly higher social-related 
behavioural problems in the 22q11DS group 
?Jansen et al., 2007?. Furthermore, they found 
no correlation between IQ score and behavioural 
problems in the 22q11DS group, whereas, 
significant negative correlation was found in the 
CFA group. The results seem to suggest that social 
problems within 22q11DS are an independent 
behavioural phonotype.
 While more than a single cognitive/neural 
mechanism are l ikely  to  underl ie  var ious 
social impairments in 22q11DS, such as social 
withdrawal, mood problems ?Baker et al., 2005?, 
emotional problems ?Kates et al., 2006?, and 
extremes of behaviours ?Golding-Kushner et 
al., 1985; Swillen et al., 1997?, facial cognition 
and processing in 22q11DS have been drawing 
particular interests in recent studies as one 
possible source for their deficits in social cognition 
and interaction ?Andersson et al., 2008; Glaser et 
al., 2007; Lajiness-O'Neill, 2005; Lajiness-O?Neill 
et al., 2005; van Amelsvoort et al., 2006?. This 
is because the ability to perceive and respond 
to facial expressions ?i.e. ?social cognition? 
is crucial to managing social interactions and 
relationships, and deficits in face processing have 
often been reported in clinical populations with 
social interaction problems ?Phillips et al., 2003a; 
Phillips et al., 2003b?. For instance, abnormalities 
in the expression and recognition of emotions 
have been reported in people with autism ?ICD10, 
World Health Organisation 1993;  DSM-IV, 
American Psychiatric Association, 1994; Schultz 
2005?. While relatively few studies have examined 
social cognition functions in the 22q11DS, social 
interaction problems ?Glaser et al., 2007; Swillen 
et al., 1999a; Swillen et al., 1999b? and high 
incidence of ASD ?Fine et al., 2005? suggest 
that there may be deficits associated with social 
cognition in the 22q11DS, which may in turn 
underlie the social/emotional interaction problems 
in 22q11DS. In what follows, I will present findings 
on facial processing in 22q11DS. This is the 
most up-to-date review that examines the social 
cognitions in the 22q11DS from behavioural, 
structural, brain functional perspectives, and their 
possible relationships, which have hitherto been 
discussed in independent studies.
Face Processing in 22q11DS
Behavioural Data
 It is known that face ?and some complex 
pattern that requires expertise? recognition uses 
difference mechanisms from those required for 
simple object recognition ?Farah, 1994; Gauthier 
et al., 1999; Kanwisher et al., 1997?. In 22q11DS, 
impairments in both recognition of objects ?Henry 
et al., 2002? and face memory ?Lajiness-O?Neill et 
al., 2005; Stiers et al., 2005? have been reported. 
For instance, a case study of a Belgian boy ?RH? 
with 22q11DS reported that, while RH generally 
had a normal visual acuity and performed at a 
level appropriate to his nonverbal performance in 
most visual perceptual tasks, he was impaired in 
learning photographs of unfamiliar faces ?Stiers 
et al., 2005?. Face perception is associated with 
the ventral information stream ?visual cortex to 
inferior-temporal cortex? and although there was 
no clinical evidence of prosopagnosia ?difficulty 
or inability to recognise faces? the authors have 
suggested the such impairment may underlie social 
problems prevalent amongst people with 22q11DS.
 In addition to recognition and memory 
of faces, the ability to perceive and respond to 
facial expressions is crucial to managing social 
interactions and relationships, and deficits in face 
processing have often been reported in clinical 
populations with social interaction problems 
?Phillips et al., 2003a; Phillips et al., 2003b?. 
For instance, abnormalities in the expression 
and recognition of emotions have been reported 
in people with autism ?ICD10, World Health 
Organisation 1993; DSM-IV, American Psychiatric 
Association, 1994; Schultz 2005?. 
 There are no published behavioural studies 
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of facial emotion processing within the 22q11DS 
at present. However, in a preliminary work we 
previously compared 50 children and adolescents 
with 22q11DS to 31 healthy sibling controls and 
to 12 children with Williams Syndrome ?another 
genetic syndrome with similar full-scale IQ and 
cognitive profiles?. We found that the 22q11DS 
group performed significantly worse in tasks 
involving matching emotions, identity, and 
directions of gaze than either sibling or Williams 
Syndrome control groups ?Campbell, Ph.D. thesis, 
2006?.
 In summary, behavioural data indicate 
impairments in face memory ?Lajiness-O'Neill et 
al., 2005; Stiers et al., 2005?, recognition/memory 
of facial identity, emotions, and directions of gaze 
?Campbell, 2006? in children and adolescents with 
22q11DS. Examining the brain structures and 
functions associated with these deficits may shed 
light on biological mechanisms underlying the 
social dysfunctions often reported in people with 
22q11DS. 
Brain Structural Abnormalities in 22q11DS
 In healthy humans, face processing engages 
a variety of brain regions, some of which are 
common to all emotion types ?e.g. core visual 
analysis areas of striate and extrastriate cortex, 
particularly the fusiform gyrus ?FG?? ?Haxby 
et al., 2002; Kanwisher et al., 1997; Surguladze 
et al., 2003?. Core visual analysis areas project 
to ?downstream? components of face processing 
systems, in which cortical  and subcortical 
regions are differentially engaged depending on 
stimulus features ?e.g. neutral or fearful ace?, 
and cognitive task ?e.g., emotion recognition? 
?Haxby et al., 2002; Surguladze et al., 2003?. 
Further, identification of the emotional significance 
of faces ?and other stimuli? and the generation 
of affective responses engages a predominantly 
ventral neural system. This includes the amygdala, 
insula, ventral striatum, and ventral regions of the 
anterior cingulate cortex and prefrontal cortex 
?Phillips et al., 2003a?. Furthermore, within 
healthy populations, as emotion intensity of a facial 
expression increases there is differential activation 
of components of face processing networks such 
as core visual analysis areas ?including the FG? 
and limbic regions ?Surguladze et al., 2003?. For 
example, the amygdala and visual cortices are co-
activated in response to fearful faces. It has been 
suggested that visual cortex activation is boosted 
by ?feedback? influences from the amygdala ?Frith 
and Frith, 2003; Morris et al., 1998?, and that this 
may facilitate the detection and memorisation 
of important social cues and their associated 
meanings ?Vuilleumier et al., 2004?. 
 A number of studies have examined the brain 
structures, using magnetic resonance imaging 
?MRI? techinique, in children and adults with 
22q11DS, but earlier studies of brain anatomy were 
qualitative rather than quantitative and involved 
clinical observations of structural brain features 
?e.g., lesions and structural differences in size 
and shape, white matter hyperintensities? usually 
from a T2 weighted image enabling good contrasts 
between hyper-intense cerebrospinal fluid ?CSF? 
and parenchymal tissues ?grey or white matter?. 
Studies employing such qualitative methods have 
reported an increased prevalence of developmental 
midline anomalies ?e.g. abnormalities of the 
septum pellucidum? ?Chow et al., 1999; van 
Amelsvoort et al., 2001?, polymicrogyria ?Bingham 
et al., 1998; Ghariani et al., 2002; Kawame et al., 
2001; Worthington et al., 2000?, reduced corpus 
callosal volume ?Ryan et al., 1997?, increased 
white matter hyperintensities ?WMHIs? ?Mitnick 
et al . ,  1994; van Amelsvoort et al . ,  2001?, 
hypoplastic cerebellar vermis ?Mitnick et al., 
1994; Vataja and Elomaa, 1998? and ventricular 
enlargement ?Chow et al., 1999?. However, 
problems of employing qualitative imaging methods 
are that, even though standardised protocols are 
available, their approaches tend to be subjective, 
and it is difficult to make generalisations across 
studies due to methodological differences. It is also 
difficult to identify generalised and more diffuse 
structural differences.
 In contrast, quantitative imaging methods 
allow group comparisons and hence they tend to be 
more objective. In addition, quantitative methods 
can provide more specific information about diffuse 
structural brain anomalies for the 22q11DS group 
as a whole, minimising the effects of individual 
differences. There are relatively few quantitative 
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brain imaging studies that examine the structural 
anomalies of children and adults with 22q11DS, and 
the sample sizes in those few, especially earlier 
studies, tend to be small. Nevertheless, reductions 
in total brain volume ?Campbell et al., 2006; 
Eliez et al., 2000; Kates et al., 2001; Simon et al., 
2005?, left parietal and right occipital grey matter 
?Campbell et al., 2006; Eliez et al., 2000; Kates 
et al., 2001? have been consistently reported. 
In addition, recent voxel-based morphometry 
?VBM? studies reported that, compared to healthy 
controls, children and adolescents with 22q11DS 
have grey matter reductions in the cerebellum, 
posterior cingulate cortex ?Campbell et al., 2006; 
Simon et al., 2005?, the parietal lobe ?Simon et al., 
2005? and medial temporo-occipital lobe ?Campbell 
et al., 2006?, but increased grey matter in the right 
frontal and insular regions ?Simon et al., 2005?. 
 In addition to regional anomalies in grey 
matter volume, white matter has also been 
reported to be affected in 22q11DS. Previous 
studies have reported reduced white matter volume 
in the right cerebellum ?Eliez et al., 2000? and 
white matter anomalies in bilateral frontal, parietal 
and temporal regions and the external capsules as 
well as increased fractional anisotropy in posterior 
brain regions including splenium, medial parietal 
lobe and posterior cingulum ?Barnea-Goraly et al., 
2003; Kates et al., 2004; Kates et al., 2001; Simon 
et al., 2005; van Amelsvoort et al., 2004a; van 
Amelsvoort et al., 2001?.
 A recent imaging study closely examined the 
volumetric changes in 22q11DS to the fusiform 
gyrus ?FG?, a region particularly associated with 
face recognition and processing ?Glaser et al., 
2007?. They contrasted the FG in 42 children and 
adolescents with 22q11DS and 54 healthy controls, 
and found bilaterally larger anterior FG volumes 
and smaller posterior volumes in 22q11DS, after 
controlling for total brain volume. Thus, structural 
anomalies in both grey matter and white matter 
have been reported for 22q11DS. Some of the 
affected areas, such as, FG ?Glaser et al., 2007?, 
occipital region ?Campbell et al., 2006; Eliez et 
al., 2000; Kates et al., 2001?, frontal and insular 
regions ?Simon et al., 2005?, are associated with 
face processing. These findings suggest that 
individuals with 22q11DS have neural vulnerability 
in regions related to social cognition, which may 
underlie their social problems.
Brain Functions Associated with Face 
Processing in 22q11DS
 To date, there are two imaging studies that 
investigate facial emotion processing in 22q11DS. 
In the first fMRI study ?van Amelsvoort et al., 
2006? eight adults with 22q11DS and nine age-IQ 
matched controls were scanned during an implicit 
?gender discrimination? task. Two types of facial 
emotions ?happy or angry? and neutral faces 
were presented in a block design. Individuals with 
22q11DS showed significant hypoactivation of right 
insula and frontal regions and higher activation of 
occipital regions compared to the controls. It was 
suggested that these findings may be partially 
explained by dysmaturation of white matter tracts 
in 22q11DS ?Kates et al., 2001; van Amelsvoort 
et al., 2004a?, and may underlie social-emotional 
dysfunction seen in this population. However, 
this study employed a block design that mixed 
both ?happy? and ?angry? faces, which made it 
impossible to differentiate brain activations to 
separate emotions or neutral faces.
 The second event-related fMRI study 
examined brain activity in response to fearful 
and neutral facial expressions in young people 
with 22q11DS and age- and gender-matched 
healthy controls during an implicit ?faces/houses 
categorization? task ?Andersson et al 2008?. They 
found a lack of face-selectivity in FG, and a lack 
of modulation in amygdala and superior temporal 
sulcus by fearful expressions, resulting in absence 
of repetition-suppression effect in 22q11DS, both 
of which were present in the controls. The authors 
suggested that these functional abnormalities in 
FG, amygdala, and other face related areas may 
underlie social deficits in 22q11DS ?Andersson 
et al 2008?. However, the second study only 
employed one emotion type ?fear? at a single 
intensity ?prototypic?, whereas normal social 
interaction involves different types of facial 
expression at different intensities ?Surguladze 
et al., 2003?. Further, one-third of their 22q11DS 
group had psychotic symptoms, which may have 
contributed to the group differences observed in 
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their study. For example, several studies have 
reported abnormal brain activity during facial 
emotion processing in people with psychotic illness 
?Gur et al., 2002; Johnston et al., 2005; Quintana et 
al., 2003?; in fact, this study reported differences 
in brain activations between 22q11DS volunteers 
with psychotic symptoms and those without 
?Andersson et al., 2008?.
 Additionally, there is an unpublished imaging 
study employed an implicit event related design to 
investigate neural responses to neutral faces and 
to two facial emotions ?fear, disgust? with high 
?100?? and mild ?50?? emotional intensities, in 
children and adolescents with 22q11DS ?Azuma 
et al., submitted?. The results showed that both 
the 22q11DS group ?n= 14, aged 8-17? and the 
controls ?n= 14, aged 9-17? significantly activated 
?face perception? areas when viewing neutral 
faces, including fusiform-extrastriate cortices. 
Further, both groups had significantly increased 
activation of extrastriate-fusiform cortices and 
cerebellum to increasing intensities of fear. To 
increasing intensities of disgust, however, children 
with 22q11DS showed increased activation of 
fusiform-extrastriate cortices, whereas the controls 
had significantly decreased activation of cerebellum 
and other cortical regions. Moreover, children 
with 22q11DS generally showed reduced activity 
in brain regions involved in social cognition and 
emotion processing compared to controls across 
emotion types and intensities, including fusiform-
extrastriate cortices, anterior cingulate cortex ?BA 
24/32?, and superomedial prefrontal cortices ?BA 
6?. This is consistent with the previous findings of 
absence of normal face-selectivity in FG in young 
people with 22q11DS ?Andersson et al., 2008?, and 
is, in part, consistent with prior findings of frontal 
hyporesponsiveness to mixed facial expressions of 
emotion in adults with 22q11DS ?van Amelsvoort 
et al., 2006?.
 Within 22q11DS children social difficulties 
?measured using the Strength and Difficulties 
Questionnaire ?SDQ? ?Goodman and Goodman, 
2003; Goodman et al., 2004; Goodman et al., 
2000??, were significantly negatively correlated 
with brain activity during fear and disgust 
processing in ?respectively? left precentral gyrus 
?BA4? and in left fusiform gyrus ?FG, BA19?, right 
lingual gyrus ?BA 18?, and bilateral cerebellum. 
The authors suggested that hypoactivation in these 
regions may partly explain the social impairments 
of children with 22q11DS.
 Thus, all the fMRI studies on facial emotion 
processing in 22q11DS repor ted reduced/
aberrant cortical activities in response to stimuli 
of emotional faces. Similar findings of reduced 
activations of fusiform-extrastriate cortices to 
emotional and neutral facial expressions have been 
reported in an event-related fMRI study of people 
with social behaviour abnormalities ?Asperger 
Syndrome? compared to healthy controls, using 
a similar implicit facial emotion processing task 
?Deeley et al., 2007?. It has been suggested that 
fusiform-extrastriate hypoactivation in people with 
AS may reflect a failure of feedback modulation 
from limbic structures ?Vuilleumier et al., 2004?. 
This would be consistent with the hypothesis that 
abnormalities in social cognition in people with 
autistic disorders reflect reduced amygdala function 
?Baron-Cohen et al., 2000; Howard et al., 2000?.
 One possible source for differences in function 
of social brain regions is structural abnormalities of 
the brain that include the regions associated social 
behaviour ?Campbell et al., 2006; Eliez et al., 2000; 
Glaser et al., 2007; Kates et al., 2001? as discussed 
above. Alternatively, differences in modulation of 
social brain regions may be explained by variation 
in dopamine metabolism – for example, associated 
with variation in COMT, a methylation enzyme that 
metabolises cathecolamines ?including dopamine? 
?Lachman et al., 1996?. In other words, dopamine 
levels in social brain regions could be abnormal in 
people with 22q11DS who have haploinsufficiency 
in COMT ?Bearden et al., 2005; Bearden et al., 
2004; Fallgatter et al., 2007?.
CONCLUSION
 In summary, 22q11DS is associated with 
differences in visual-perceptual function and social 
and abstract reasoning ?Henry et al., 2002; Moss 
et al., 1999; Swillen et al., 1997; Swillen et al., 
2000; van Amelsvoort et al., 2004b?, impairments 
in matching emotions, identity and gaze of faces 
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?Campbell, 2006?, and a high prevalence of 
ASD ?Fine et al., 2005?. MRI imaging studies 
have reported structural anomalies in both grey 
matter and white matter in the regions that are 
associated with social cognition ?Campbell et 
al., 2006; Eliez et al., 2000; Glaser et al., 2007; 
Kates et al., 2001; Simon et al., 2005?. Further, 
fMRI studies employing facial emotion tasks have 
reported aberrant/reduced cortical activations in 
the regions involved in face processing in both 
children and adults with 22q11DS ?Association, 
1994; Azuma et al., submitted; van Amelsvoort 
et al., 2006?. Activity in some of these regions 
a lso  negat ively  cor related with  extent  o f 
social difficulties, which was in line with the 
interpretation that hypoactivation observed in 
the 22q11DS group may partly explain the social 
impairments within this population ?Azuma et al., 
submitted?. While existing data seem to implicate 
possible associations between abnormalities in 
brain structures and functions related to facial 
processing, and social problems in 22q11DS, 
further research is required in order to clarify how 
they are related, by correlating these measures 
within the same, larger sample.
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